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Abstract Cannibalism is a common phenomenon
that occurs in over 30 fish families. Most of the species
are valuable objects of aquaculture and cannibalism is
highly undesirable. Cannibalism is an aggressive
behaviour, which can be caused by stress induced by
various population and environmental factors and can
occur in two main forms: early larval and late juvenile
(or adult). Each of these forms can lead to severe
losses of stock. Losses are caused not only by fish
eating each other, but also by an increase in the
number of infections (the result of body surface
damage). It is important to understand the phe-
nomenon of cannibalism in order to properly prevent,
diagnose and reduce it. The main aim of this study was
to present and examine some of the well-examined
methods of cannibalism mitigation. Most of the
methods consist of creating rearing conditions similar
to natural conditions and to reduce stress. Moreover,
because of large interspecies differences, similar
methods can result in different effects depending on
the species. Additional studies are needed to better
understand the biology of each cultured species with
particular emphasis on the impact of domestication, as
well as to improve fish rearing conditions.
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Introduction
Cannibalism is a predatory feeding strategy that
involves killing and eating individuals of the same
species. In nature, this phenomenon can occur
between parents and offspring, in a given age group
between siblings or between individuals from separate
populations (regardless of the kinship) (Smith and
Reay 1991; Baras and Jobling 2002; Qin et al. 2004
and see Table 1). This behaviour represents a specific
protective measure against an excessive density of a
given population and an alternative source of food
when other food resources become scarce (van den
Bosch et al. 1988).
Cannibalism is reported in both wild and farmed
fish, particularly in aquaculture of predatory fish. This
behaviour may reflect disrupted welfare, poorly
adapted rearing conditions (especially with regard to
feeding schedules or modes of food distribution), or
unmet behavioural needs in recently domesticated
species (Kaleta 2013). Another possible cause of
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cannibalism may be the establishment of the group
hierarchy among old larvae and subsequent stages of
ontogeny (Smith and Reay 1991). This phenomenon is
associated not only with a dramatic decline in fish
survival, but also in injuries in situations when the
prey is too large to be totally consumed by a cannibal.
Furthermore, cannibalism generates substantial eco-
nomic losses (Baras and Jobling 2002; Kestemont
et al. 2003; Qin et al. 2004; Kro´l and Zielin´ski 2015).
The objective of this paper was to review the
current knowledge of cannibalism in freshwater fish
reared in aquaculture, including clinical aspects for
veterinarians involved in the examination of fish. We
also review the methods applied to mitigate the
prevalence of cannibalism.
Causes, occurrence and development
Cannibalism in cultured fish occurs in different age
groups and its type and development depend mostly on
the species and production technology. It represents a
major problem in the commercial production of many
fish species (especially predatory species) and ranges
from 15% to over 90% of individuals (Hecht and
Appelbaum 1988). This phenomenon is mainly
observed in fish from the following families: air-
breathing catfish (Clariidae), pikes (Esocidae), per-
cids (Percidae), characids (Characidae), latids
(Latidae), gadids (Gadidae) and in over 30 other
families, including cyprinids (Cyprinidae) and salmo-
nids (Salmonidae), (Smith and Reay 1991; Hecht and
Pienaar 1993; Qin et al. 2004).
Under rearing conditions, the intensity of canni-
balism is directly influenced by population and abiotic
factors, along with genetic predispositions (Fig. 1).
However, the extent to which cannibalistic behaviour
is genetically controlled in fish remains controversial,
and it is still unclear if cannibals in many species are
‘‘natural born killers’’ or just ‘‘lottery winners’’ (Baras
and Jobling 2002; Kro´l et al. 2013; Yang et al. 2015).
Some studies have demonstrated that this phenomenon
is to some extent genetically determined (Thibault
1974; Ferguson and Noakes 1983; van Damme et al.
1989; Amundsen et al. 1999; Yang et al. 2015).
However, the interactions between genotype and
environment play a major role in the expression of
cannibalism (Baras and Jobling 2002; Yang et al.
2015). Intracohort cannibalism may also be sex-based,
especially in species that show sexual growth dimor-
phism during early ontogeny, e.g. Vundu catfish
(Heterobranchus longifilis) (Baras 1999a), or in
species with diet dimorphism, e.g. old hake females
(family Gadidae) (Garrison and Link 2000). More-
over, the influence of the genotype of a maternal
parent on cannibalism in progeny is higher than the
paternal one (Mousseau 1998; Yang et al. 2015).
Population factors that influence cannibalism
include the size and density of larvae, with both being
positively correlated with the incidence of cannibal-
istic behaviour. Abiotic factors mainly encompass the
availability and energy value of feed, diet supplemen-
tation, feeding schedule, temperature and clarity of
water, light intensity, photoperiod, shape and colour of
internal walls of rearing tanks or the lack of refuges for
small-sized individuals (Smith and Reay 1991; Britz
and Pienaar 1992; Hecht and Pienaar 1993; Folkvord
and Ottera˚ 1993; Baras et al. 2000a; Baras and Jobling
2002; Kestemont et al. 2003; Szczepkowski 2009;
Kro´l and Zielin´ski 2015). As all factors interact with
Table 1 Types of cannibalism occurring in the natural environment (from Smith and Reay 1991)
Criterion Term Definition
Developmental stage of prey Egg cannibalism Cannibalism of unhatched fertilized ova
Larval, juvenile and adult cannibalism
(post-hatching cannibalism)
Cannibalism of the post-hatching stages
Genetic relationship of cannibal to prey Filial cannibalism Cannibalism by parents of offspring
Sibling cannibalism Cannibalism of full siblings
Non-kin cannibalism Cannibalism of presumably unrelated individuals
Age relationship of cannibal and prey Intracohort cannibalism Cannibalism of members of the same age cohort
Intercohort cannibalism Cannibalism of members of a younger age cohort
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each other, they should be approached holistically
(Hecht and Pienaar 1993; Kestemont et al. 2003) in
order to mitigate cannibalism. These factors are
discussed further in ‘‘Methods used to mitigate
cannibalistic behaviour’’ section.
Intracohort cannibalism is typical of farming con-
ditions and is divided into two types: type I, the so-
called ‘‘early’’ type, which occurs in the larval phase
and is independent of a diversity in fish sizes, where
the victim is not completely ingested or consumed;
and type II, a later form associated with heterogeneous
growth, when the victim is consumed whole (Hecht
and Appelbaum 1988; Smith and Reay 1991; Baras
and Jobling 2002). A potential type I cannibal mostly
attacks its prey from the tail end, eats only a damaged
part of the tail and disgorges the rest of the larva as it is
unable to swallow it due to the lack of difference in
size. This does not affect some species, i.e. those with
very large mouth dimensions or sharp oral teeth in the
early ontogenetic stage—in such situations, cannibals
can attack siblings’ heads or trunks (Hecht and
Appelbaum 1988; Baras 1999b; Baras and Jobling
2002). Type II cannibalism is determined by the
mouth dimensions of a potential cannibal in relation to
a potential prey, particularly to its body depth (Hecht
and Appelbaum 1988; Smith and Reay 1991; Sogard
and Olla 1994). The gape size limitations differ
between species and ontogenetic stages, owing to the
allometric growth of mouthparts (Baras and Jobling
2002). For type II cannibalism, prey is attacked from
the head end or from the side and usually swallowed
whole (Baras and Jobling 2002; Kestemont et al.
2003). However, because of a large predator-to-prey
ratio, in type II cannibalism the mode of ingestion may
be of little importance (Baras and Jobling 2002). An
exception for this is Acanthopterygians, where prey is
eaten head first as a cannibal then avoids the spiny fin
rays of the dorsal or pectoral fins which threaten a
predator. Otherwise, the erected rays may cause the
death of the cannibal and its prey (Brabrand 1995; Qin
et al. 2004). In most fish species, type I cannibalism is
replaced by type II together with increasing gape size
limitations, heterogeneity of a stock and growing
chances of swallowing a potential prey. Type I
cannibalism may trigger growth heterogeneity
because digestible nutrients are often higher in fish
than in plankton prey, which leads to the growth
advantage of cannibals and, in effect, to the occurrence
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Fig. 1 Population and environmental factors influencing cannibalism
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of type II cannibalism (Baras and Jobling 2002; Kro´l
and Zielin´ski 2015).
The outcomes of these two types of cannibalism
differ in the level of mortality. In the case of type I, it
ranges between 1.5 and 12.0% of the initial stock of
European perch (Perca fluviatilis) larvae (Baras et al.
2003; Babiak et al. 2004; Kro´l and Zielin´ski 2015) and
from 10 to 17% in the stock of pikeperch (Sander
lucioperca) larvae (Zake˛s´ and Demska-Zake˛s´ 1996;
Zake˛s´ 2012; Kro´l and Zake˛s´ 2016) or even 40% in
dorada (Brycon moorei) (Baras et al. 2000b). Type II
usually generates significantly higher losses and is
mainly reported in a stock characterised by a large
heterogeneity in size (Kro´l and Zielin´ski 2015).
Hormonal background
Intracohort aggression has often been linked to the
mortality of aquaculture organisms (Manley et al.
2015). It is hormonally regulated via different mod-
ulators (Table 2), and is the basis of cannibalistic
behaviour (Hecht and Appelbaum 1988; Folkvord
1997; Yang et al. 2015; Vallon et al. 2016).
In some species or life stages, an organism also may
be aggressive or cannibalistic toward a conspecific
when defending its own space (Hecht and Pienaar
1993; Baras and Jobling 2002), fighting for food
during low feeding frequency and periods of low food
availability, when conspecifics offer the only type of
alternative prey (Hecht and Pienaar 1993; Baras and
Jobling 2002; Kestemont et al. 2003). However, there
are also exceptions, for example, in Vundu catfish,
type II cannibalism requires no preliminary aggression
or chase, or even contact with the prey, suggesting that
cannibalism can be independent of aggressive beha-
viour (Baras 1999b).
Diagnostics
Due to the complex causes of cannibalism, diagnostics
should always start with case history—gathering
information from the owner of the fish farm, which
Table 2 The impact of neuromodulators on aggressive behaviour in fish (own compilation based on Kania et al. 2012)
Modulator Physiological role Impact on aggressive behaviour
Vasotocin Ionoregulation
Osmoregulation
Gregarious fish: enhancement of aggressive




A role in reproductive physiology (the exact impact still
unknown)
Gregarious and monogamous fish: enhanced
aggressive behaviour (directed at individuals that
disrupt social relations)
Serotonin Immunomodulation; regulation of glucose metabolism Mitigation of aggressive behaviour
Dopamine A role in reproductive physiology Enhancement of aggressive behaviour
Testosterone Regulation of spermatogenesis; enhancement of the
secondary sexual traits
Enhancement of aggressive behaviour (aiming at
protecting the territory)
Oestrogens Regulation of oogenesis; enhancement of the secondary
sexual traits; stimulation of vitellogenin synthesis in the
liver
Enhancement of aggressive behaviour
Glucocorticoids Regulation of metabolism; contribution in adaptive
responses to stressors
A high, persistent level in subordinates—an
increase in serotonergic transmission in the brain






Regulation of the anterior pituitary lobe; regulation of
TSH secretion
Mitigation of aggressive behaviour; increased
motor activity
Neuropeptide Y Regulation of blood pressure; circadian rhythm; food
ingestion; pituitary hormone secretion
Mitigation of aggressive behaviour
For more information on the direct influence of serotonin on cannibalism, please also see ‘‘Balanced nutrition and supplementation’’
section, where the role of serotonin precursor, i.e. tryptophan, is described (Hseu et al. 2003a; Hoglund et al. 2005)
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should be as extensive as possible. The questions
should include the exact percentage of losses with a
particular interest in the age of fish and the diversity in
growth. It is important to consider how the losses were
spread among a given age group and individual tanks.
In order to rule out welfare issues, water parameters
should be analysed in the preceding period (at least
2 weeks). Such a procedure enables detection of
possible situations, which may trigger stress and
behavioural changes, for example, alterations in
temperature, oxygen or pH level, power outages,
bio-filter faults or excessive waste. The owner should
also be asked about situations that may have disrupted
the established hierarchy, namely, transfer or sorting
fish and tank cleaning. Data on nutrition is equally
important; they refer to both feed types and feeding
strategies.
The next step is a physical examination which
includes a thorough inspection of fish with special
attention paid to any injuries (inspection with a
magnifying glass, a microscopic examination under
a small magnification) and their localization. This
should help to exclude the injuries caused by handling,
tank design or coexisting diseases. In the case of tail
injuries, type I cannibalism is suspected while the
wounds to the head and body sides may indicate type II
cannibalism. In addition, the gastrointestinal content
of a potential cannibal may be examined. In most
species, fish of different sizes are differentially
sensitive to handling, but handling generally has no
significant effect on fish survival (Baras et al. 2011a).
However, special attention is needed when very small
and fragile Percids larvae are examined, as they are by
nature very sensitive to any handling and parameter
alterations, which results in deaths (Kro´l and Zielin´ski
2015) and may be mistaken for an outcome of
cannibalism.
Methods used to mitigate cannibalistic behaviour
Different approaches may be implemented to reduce
the incidence of cannibalistic behaviour and resulting
mortality. Previous research suggests that applying
different methods simultaneously will produce a
synergistic effect (Qin et al. 2004) and that methods
should be adjusted according to a given species and its
biology.
Abiding by density standards
In nature, cannibalism is determined by the population
density and usually occurs in years with high numbers
of larvae (Baras and Jobling 2002). In aquaculture,
excessive density may reduce or increase the inci-
dence of cannibalistic behaviour, depending on the
biology of a given species. With limited availability of
food or improper feeding techniques (limited access,
bullying of weaker individuals), an increased number
of larvae is associated with lower resources per larva,
which results in using a rescue source of food, i.e.
siblings. Under rearing conditions, intensified canni-
balistic events due to excessive stock density (despite
the correct amount of food) may result from a higher
chance of a cannibal-prey interaction (especially in
species demonstrating ‘‘meet-and-eat’’ behaviour)
(Sogard and Olla 1994; Baras and Jobling 2002).
On the other hand, increasing stock density may
reduce aggression, especially that associated with
territorial behaviour and setting the dominance hier-
archy (Smith and Reay 1991; Sloman and Armstrong
2002). It is suggested that with high densities, a limited
surface results in a lower number of aggressive
individuals (in reference to the whole population)
protecting the territory and demonstrating cannibalis-
tic attitudes (Kucharczyk et al. 1998; Baras and
Jobling 2002). In addition, at a certain stock density,
fish start forming shoals and cannibals become
perceptively confused and cannot select a prey (as
the number of potential prey is too high) (Baras and
Jobling 2002).
The impact of different stock density levels has
been studied in many cultured fish species. A propor-
tional increase in cannibalistic behaviour resulting
from rising stock density and an increase in mortality,
as a result, has been observed, for instance, in pike
(Esox lucius) (Kucharczyk et al. 1998), pikeperch
(Szkudlarek and Zake¸s´ 2007), European perch (Baras
et al. 2003) and African sharptooth catfish (Clarias
gariepinus) larvae (Solomon and Udoji 2011). For
these species, it is suggested to rear larvae initially at
higher stock densities and then to reduce the stock
proportionally (Kestemont et al. 2003). An opposite
relation is seen in such species as Atlantic cod (Gadus
morhua) (Baskerville-Bridges and Kling 2000),
Vundu catfish (Imorou Toko et al. 2008) or European
chub (Leuciscus cephalus) ( _Zarski et al. 2008), in
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which there is a reduction in cannibalistic behaviour at
high stock densities.
Size-sorting
In commercial farming of many fish species, size-
sorting is carried out in order to ensure good
husbandry practice, which is economically justified
as it allows a more accurate estimation of feed
consumption and weight gains in fish (Jobling et al.
1993). On the other hand, size-sorting would also have
the effect of disrupting established dominance hierar-
chies, and it is widely believed that size-sorting results
in greater gain in biomass because the suppressive
effect of larger fish on the growth of smaller individ-
uals is removed at regular intervals (Jobling et al.
1993). Dominance hierarchies often re-establish soon
after fish have been rearranged into new groups,
especially when group size is low and the fish are
homogenous in size. The establishment of a domi-
nance hierarchy is generally accompanied by hetero-
geneous food intake and growth, generally to the
detriment of the smallest fish, thereby resulting in an
overall slower growth rate, greater size dispersal and
increased skewness (Azaza et al. 2010).
Size-sorting regarding type I cannibalism is con-
nected mainly with maintaining the ontogenetically
homogenous stock, because sorting does not reduce
type I cannibalism, as this form is independent of
larval sizes. At early stages, intraspecific predation is
not greatly limited by size heterogeneity, as cannibals
ingest conspecific prey (Ribeiro and Qin 2016).
Synchronization of hatching and initial diversity of
larval sizes play an important role among many fish
species in maintaining a homogenously-sized stock.
Both of them are associated with the size of a female
and the number of her reproductive seasons. Very
small females and those used reproductively for the
first time demonstrate a tendency for producing a
significantly smaller brood (Kro´l and Zielin´ski 2015).
That is why mixing of progenies with contrasted
hatching times (with exception of fish at the same
ontogenetic stage and homogenous in size) or proge-
nies from females of different sizes, should be avoided
-female size, egg size and size at hatching may be
correlated (Wootton 1989; Baras and Jobling 2002;
Steenfeldt et al. 2011; Trabelsi et al. 2013; Kro´l and
Zielin´ski 2015; Trabelsi et al. 2016). Therefore, it is
recommended to select proper sized females at the
stage of spawn collection. This is of particular
importance for such species as Atlantic cod (Folkvord
and Ottera˚ 1993), African catfish (Hecht and Appel-
baum 1988), rainbow trout (Oncorhynchus mykiss)
(Baras and Jobling 2002), largemouth bass (Mi-
cropterus salmoides) (DeAnglis et al. 1980), walleye
(Sander vitreus) (Loadman and Moodie 1986), Euro-
pean seabass (Dicentrarchus labrax) (Katavic´ et al.
1989) and dorada (Baras et al. 2000a).
In walleye (Cuff 1980) and dorada (Baras et al.
2000b), initial size heterogeneity among embryos
presumably has a limited effect on the impact of type I
cannibalism. In contrast, the emergence of cannibal-
ism was dependent strictly on the development of oral
teeth at the embryonic stage (Baras et al. 2000a, b),
suggesting that fish hatching slightly later, or devel-
oping at a slightly slower rate than others, incur a
major penalty for this very short delay. In particular,
this is likely to apply to fish species with oral teeth that
facilitate the exercise of incomplete cannibalism
(which does not require that the cannibal be larger
than its victim), as individuals with a slightly faster
growth than others during the first days of exogenous
feeding would not be safe from cannibalism (Baras
et al. 2014). The size advantage gained through the
exercise of type I cannibalism at the embryonic and
larval stages, later enables cannibals to exert type II
cannibalism over smaller siblings, resulting in high
mortality throughout the larval and early juvenile
stages (Hecht and Appelbaum 1988; Baras 1999b).
The same principle applies to deformed fish, which
may constitute easily accessible prey to cannibals,
contribute to their faster growth and further predation
on normal siblings.
Because of size-dependence of type II cannibalism,
substantial research has been done on morphometric
assessments of the prevalence of cannibalism depend-
ing on the ratio of the mouth-dimensions of cannibals
and the body dimensions of victims (Folkvord and
Ottera˚ 1993; Me´lard et al. 1996; Hseu et al. 2003b;
Fessehaye et al. 2005; Mandiki et al. 2007; Ribeiro and
Qin 2013). Due to species–dependent morphological
differences, the variability of dimensions during
ontogeny and behaviour typical of a given species,
diverse mathematical models are applied. The most
commonly used models include those based on direct
measurements of total length (TL) of cannibals and
their prey or models based on such parameters as
mouth width (MW), mouth gape (MG), body depth
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(BD) of a prey, head depth (HD) of a prey and head
width (HW) of a prey (Folkvord and Ottera˚ 1993;
Baras and Dalmeida 2001; Hseu 2002; Kailasam et al.
2002; Kestemont et al. 2003; Hseu et al. 2003b;
Fessehaye et al. 2005; Wallat et al. 2005; Hseu et al.
2007; Policar et al. 2013; Baras et al. 2014; Hseu and
Huang 2014; Ribeiro and Qin 2015).
Selecting size of prey has been well-described for
orange-spotted grouper (Ephinephelus coioides)
which can consume prey almost as large as the
cannibal. However, they rarely do so and seemingly
prefer much smaller prey. Studies have shown that
when a cannibal is offered prey of three sizes, orange-
spotted grouper cannibals do prefer the smaller prey to
the larger ones (Hseu and Huang 2014). Similar
situations have been found in other cannibalistic fish
such as yellow perch (Perca flavescens) (Post and
Evans 1989), Arctic charr (Salvelinus alpinus)
(Amundsen et al. 1995), Atlantic cod (Blom and
Folkvord 1997), pike (Nilsson 1999), dorada (Baras
et al. 2000b), Pangasius djambal (Baras et al. 2010)
and Amazonian catfish Pseudoplatystoma punctifer
(Baras et al. 2011b).
The size-sorting method based on comparing the
length is the simplest and most practical in use, but is
applicable only for a few species with direct ontogeny.
However, there is some information provided, for
example, in barramundi (Lates calcarifer), it is
believed that a difference in length of 50% should be
regarded as the absolute threshold at which cannibals
should be removed (Ribeiro and Qin 2013). In other
species, the threshold is 88% for pike (Szczepkowski
2009), 75% for Atlantic cod (Folkvord and Ottera˚
1993) and 55% for Arctic char (S. alpinus) (Jobling
et al. 1993). In the case of Nile tilapia (Oreochromis
niloticus), it is recommended to keep the largest
individual bigger than the smallest one by a maximum
of 13 times (Fessehaye et al. 2005).
In pikeperch, it has been demonstrated that larvae
sorting has a beneficial impact on an increase in their
survival through reduced cannibalistic behaviour
(Szczepkowski et al. 2011). A similar effect of sorting
has been reported for turbot (Scophthalmus maximus)
(Sunde et al. 1998), African catfish (Biu et al. 2015),
and yellow perch (Wallat et al. 2005). However, for
the European perch, sorting has a negative impact on
cannibalism prevalence and weight gains (Me´lard
et al. 1996). Arctic charr reared in size-sorted groups
also suffer from a growth disadvantage when
compared with groups containing fish of a wider
range of sizes (Baardvik and Jobling 1990). In these
species, removal of the largest individuals is most
likely associated with establishing a new hierarchy in a
stock, which triggers a reoccurrence of type I canni-
balism (Mandiki et al. 2007). In this species, it is worth
considering removing the smallest larvae that are the
target of cannibals, as such an approach allows
levelling the sizes and maintaining the current hierar-
chy in a stock at the same time (Baras and Jobling
2002).
Balanced nutrition and supplementation
Correct selection of feed, in terms of its physical and
chemical characteristics (e.g. size and texture of
pellets, drowning speed, shape, colour, hardness,
digestibility and beneficial value of FCR), is an
important element of the preventive strategy against
cannibalistic behaviour (Zake˛s´ and Demska-Zake˛s´
1996; Altaff and Janakiraman 2013; Kro´l and
Zielin´ski 2015; Ljubobratovic´ et al. 2015). However,
rearing period and feeding schedule, specific for each
species, are equally important (such as daily feed
ration, feeding frequency, feed access surface and
transition from live feed to commercial feed) (Jobling
et al. 1993; Folkvord and Ottera˚ 1993; Francis and
Bengtson 1999; Baras et al. 2000a; Kestemont et al.
2003; Szczepkowski 2009; Conceic¸a˜o et al. 2010;
Altaff and Janakiraman 2013; Piotrowska et al. 2013;
Kro´l and Zielin´ski 2015). This is important, because
any type of feeding restriction not only promotes
forage activities by hunger motivation, encounter rates
of conspecifics and prey vulnerability (Hecht and
Pienaar 1993; Baras et al. 2013; Ribeiro and Qin
2016), but can also lead to food competition, variabil-
ity in food intake and establishment of a dominant
hierarchy. Every situation which leads to inequities in
food intake, results in growth depensation and size
heterogeneity (Hecht and Pienaar 1993; Baras and
Jobling 2002; Kestemont et al. 2003; Baras et al. 2013;
Ribeiro 2015). The combination of all of the above
mentioned factors, including the biology of a given
species, should satisfy nutritional requirements, sup-
port homogenous growth of larvae and eliminate
competition for food.
Live feed is usually preferred by fish larvae
(Conceic¸a˜o et al. 2010; Ljubobratovic´ et al. 2015).
Importantly, it should be adjusted to the requirements
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and capacities of a given species. Some authors
recommend mixed feeding to mitigate cannibalism,
for example, in the case of Koi carp (Cyprinus carpio
koi), the best performance results (growth and survival
ratio) and the least expressed cannibalistic behaviour
are reported with feeding rotifer larvae (Brachionus
plicatilis) and copepods (Apocyclops dengizicus)
(Altaff and Janakiraman 2013). For Atlantic sturgeon
larvae (Acipenser oxyrhynchus oxyrhynchus), most
often fed with Artemia sp. nauplii, it has been shown
that mixing the nauplii with micronematodes of the
Panagrellus sp. family is beneficial, as this reduces
mortality and incidence of cannibalistic behaviour and
is favourable from an economic standpoint (Pio-
trowska et al. 2013). However, in some cases, mixed
feeding may also cause different individuals to feed on
different types of food with different nutritional
values, which may result in growing size heterogene-
ity (Baras et al. 2014).
In fish fed with commercial feed from the beginning
of rearing period, the addition of live feed may
generate rational effects which reduce the prevalence
of cannibalism, e.g. Daphnia in the feeding of African
catfish and rainbow trout (Hecht and Pienaar 1993).
Decreased territorial aggression and cannibalistic
behaviour when live feed is supplemented for African
catfish and Vundu catfish is most likely caused by
redirecting food aggression onto another, actively
swimming source of food (Solomon and Udoji 2011).
In addition, growth and survival parameters are better
in fish fed with mixed feed in comparison to fish fed
only with commercial feed, which is related to the
differences in the protein-fat ratio (Akbary et al. 2010)
and the secretion of additional proteolytic enzymes by
the nauplii, which enhances food absorption in larvae
(Bengtson et al. 1991). As a result, larvae fed with
mixed feed are more efficient in feed conversion and
better tolerate the transition to commercial feed.
The weaning from live food to commercial feed is a
time point of particular importance for many fish
species (Strand et al. 2007). This also applies to
feeding perch larvae. When feed is changed, fish
should be transitioned throughout a certain period
(when both live food and commercial feed are used)
long enough to allow larvae to become familiar with a
new type of food. Individuals that fail are weaker and
smaller and thus become easy prey for potential
cannibals (Hecht and Pienaar 1993; Strand et al.
2007). The duration of the individual feeding stages
also plays a role. For example, different experiments
suggest that the initial phase during which only live
food is used, actually slows the growth rate and
increases the incidence of deformities in pikeperch
(Zake˛s´ and Demska-Zake˛s´ 1996). In addition, exces-
sively long feeding with live food makes fish become
used to this type of feed and makes them unwilling to
accept a new form of feed, thus triggering stress and a
resultant increase in cannibalistic behaviour (Con-
ceic¸a˜o et al. 2010).
Experiments are currently underway that are
attempting to determine which feed additives may
inhibit the intensity of cannibalism. L-tryptophan is one
of them; this amino acid is a serotonin precursor and
serotonin exhibits an inhibitory effect on aggressive
behaviour via the increased serotoninergic activity of
the brain (Winberg et al. 2001). Stressors such as social
subordination (a low position in the dominance hierar-
chy), handling and exposure to predators trigger a rapid
activation of the serotoninergic system in the brain
(Lepage et al. 2003). Diet supplementation with L-
tryptophan impacts the course of stress response in
rainbow trout by lowering the level of cortisol in serum.
However, with long-term administration, the regulatory
mechanisms which limit this effect are switched on
(Lepage et al. 2003; Mandiki et al. 2016). The level of
absorbed L-tryptophan is positively correlated with the
amount of ingested food: the highest doses are taken by
the strongest individuals with the ultimate positions in
the social hierarchy. Hence, aggressive and cannibal-
istic behaviours are most effectively suppressed in such
animals. Short-term supplementation with L-tryptophan
in the diet leads to weakening of the hierarchic
structure, lowers the level of social stress, reduces the
negative impact of stress on the immunity, levels the
sizes of animals and, as a result, reduces the severity of
cannibalism (Winberg et al. 2001).
Enrichment of live feed with probiotic preparations
is another measure resulting in reduction of cannibal-
ism. The use of probiotics in aquaculture undoubtedly
brings about benefits such as growth promotion,
increased survival and immunomodulation (Gate-
soupe 1999; de Azevedo and Braga 2012). It has been
proven that they contribute to a reduction in type II
cannibalistic behaviour in the rearing of European
perch. This effect was generated by supplementing
live feed (Artemia nauplii) with probiotic Bacillus
licheniformis, Bacillus subtilis and Bacillus pumilus
strains (Mandiki et al. 2011).
200 Rev Fish Biol Fisheries (2017) 27:193–208
123
Temperature regulation
Environmental temperature has an enormous impact
on the metabolic rate in fish, which rises with
increasing water temperature (Baras and Jobling
2002; Barron et al. 2012; Frisk et al. 2012). For most
fish species, this results in an increased demand for
food, faster depletion of food resources, marked
heterogeneity of larvae and, as a result, in potential
cannibalistic behaviour (Sunde et al. 1998; Baras and
Jobling 2002; Kestemont et al. 2003; Zake˛s´ 2012).
Rearing temperature should fall within the thermal
comfort zone, which is specific for a given species and
population. Fish raised at different temperatures
generally have different growth-feed ratios, thereby
the comparisons of the survival rates between fish of
identical ages is not informative, because they will be
at a different level of ontogenetic development (Baras
et al. 2011a). However, due to the interval nature of
this parameter, it is possible to rear fish closer to a
lower or higher end of the comfort zone and, in this
way, manipulate the metabolism rate.
Rearing at lower temperatures can exert a beneficial
impact on retarding cannibalism and is connected with
a stunted larvae growth rate (Kestemont et al. 2003).
Pikeperch larvae behave similarly (Zake˛s´ 2012),
although in burbot (Lota lota) the impact of higher
temperature on an increase in cannibalistic incidents
has only been reported for larval and juvenile devel-
opmental stages and the relationship with temperature
has not been examined (Barron et al. 2012). Pike
larvae behave the opposite; the lowest losses due to
cannibalistic behaviour have been observed at the
highest temperatures investigated (28 C) (Szczep-
kowski 2009). However, the influence of ontogenetic
differences cannot be excluded in the cases mentioned
here.
In facilities with the possibility of water temperature
regulation, i.e. recirculating aquaculture systems, in
order to optimize the outcome of rearing under periodic
feeding conditions, the following scheme may be
applied: after the last daily feeding, the water temper-
ature may be slowly decreased (safe gradient up to
5 C) (Baras and Jobling 2002). Such an approach
should ensure optimal growth and reduce the severity
of cannibalistic behaviour. Unfortunately, this method
cannot be applied in species which demand constant
feeding 24 h a day or in many outdoor rearing systems.
However, such temperature fluctuations exist naturally
in these type of rearing systems (lower temperatures at
night) but without the possibility of regulation (Azaza
et al. 2010).
Proper light conditions and water clarity
Light intensity, length of lighting period and water
clarity impact the regulation of circadian rhythms and,
therefore, influence the prevalence of cannibalism.
The spectral bandwidth of light available for vision is
narrower under water than on land due to the spectrally
selective absorption of natural water. The colour of
natural water is highly variable (Kusmic and Gualtieri
2000). In general, freshwater bodies are subject to
greater variations in light than marine waters owing to
the higher concentrations of suspended organic and
mineral matter and organic compounds in a solution,
causing a shift in the peak transmission towards the red
wavelength in varying amounts, within the range of
480– 590 nm (Knowles and Dartnall 1977).
Larvae of many fish species, which rely mainly on
sight in food seeking (Baras and Jobling 2002),
demonstrate positive phototaxy and are short-sighted
(they see at a distance approximately 1/3 of their body
length), which influences feed seeking, since to ingest
food, they have to see it. This is favoured by clear
lighting, the colour of tank walls contrasting with feed
colour and a longer lighting period, which prolongs the
feed-seeking period and shortens nocturnal fasting
period (which prompts cannibalism) (Baras et al.
2000a; Tamazouzt et al. 2000; Kestemont et al. 2003;
Qin et al. 2004). In these species, a prolonged period of
darkness is associated with reduced activity and
staying near the bottom of a tank, which leads to
locally increased stock density and more severe
aggressive behaviour (Baras et al. 2000a). Therefore,
for such species as pike (Szczepkowski 2009), pike-
perch (Kro´l and Zake˛s´ 2016) or European perch
(Tamazouzt et al. 2000; Kro´l and Zielin´ski 2015), the
best rearing outcomes are obtained when fish are kept
under a prolonged lighting period and at a proper light
intensity for a given species.
Nevertheless, long periods of good visibility trans-
late into long periods for contact between a potential
cannibal and its prey, which may contribute to an
increased frequency of cannibalistic behaviour and
higher heterogeneity in a stock, representing a positive
feedback mechanism (Baras and Jobling 2002).
Moreover, excessive light intensity may be a source
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of stress and intensify aggressive behaviour, as
reported in Nile tilapia and Barramundi perch (Baras
et al. 2000a; Jesu Arockiaraj and Appelbaum 2011). In
these species, reduced light intensity and water clarity
have a beneficial effect on survival and performance.
Species that prefer darkness (such as African
catfish—which finds food mainly with chemorecep-
tors and sensor organs) react to excessively intense
light with intensified behaviour associated with chas-
ing resting individuals, searching for refuges, gather-
ing at the bottom of a tank and increased territorial
aggression associated with locally increased stock
density (Britz and Pienaar 1992; Baras and Jobling
2002). In addition, chemical substances are released
from wounds (injuries incurred when attacked) into
the environment which are a strong stimulus triggering
cannibalistic behaviour (Mukai et al. 2013). Hence,
turbid water, limiting the inflow of light and prolong-
ing the darkness period for a darkness-preferring
species, prompts a reduction in aggression and canni-
balism as well as prolonged feeding and more
homogenous weight gains (Solomon and Udoji 2011).
In farming facilities with the possibility of light
wavelength regulation, a spectrum with added light
intensity could be used to gain better rearing results.
Sallehudin and Mukai (2014) demonstrated that the
juveniles of African catfish had low biting activity
under light intensities of 0.0017 and 0.021 lmol/m2/s
for white, blue, and yellow light wavelengths, and 0.19
and 1.40 lmol/m2/s for blue and red light wave-
lengths. Only the blue light wavelength showed low
biting activity for all levels of light intensity. Similar
results were obtained in beluga (Banan et al. 2011),
where blue light (by establishing comfort) resulted in
increased growth performance and had a positive
effect on physiological conditions. Contrary to this,
red light had a negative impact on beluga growth
performance.
Providing refuges for weaker and poorly
developing individuals
It is important to design refuges for smaller and
weaker individuals that may become potential prey for
cannibals. The efficacy of refuges in preventing
cannibalism depends to a certain extent on lighting
conditions. This aspect has been studied in barramundi
perch (Qin et al. 2004) and African catfish (Hecht and
Appelbaum 1988; Pienaar 1990). In these species, a
significant reduction in cannibalistic behaviour and
territorial aggression has been demonstrated to occur
after introduction of refuges (Solomon and Udoji
2011). The amount of aggressive behaviour associated
with chasing and biting was also reduced.
The size, design and number of refuges should be
adapted to the biology of a given species. With too
large refuges (letting in both small and large individ-
uals), the opposite effect, i.e. an increased level of
cannibalism, may occur (Qin et al. 2004). Incorrect
design will not bring the expected effects if hiding
requires swimming at depths unnatural for a given
species (Francis and Bengtson 1999). In addition, the
number of refuges should be sufficiently high to
satisfy the needs of all individuals; if the number of
refuges is too low, territorial aggression and fighting
for refuges may rise (Britz and Pienaar 1992).
Moreover, special care should be taken for darkness-
preferring species such as European chub. If an
opaque, dark hiding place is designed and too intense
light is applied, fish could gather in such an opaque
hiding place due to their marked preference for
darkened locations. With incorrect lighting, fish would
be less eager to leave refuges for feeding and
ultimately they could die of starvation or oxygen
deficiency.
Major limitations in the implementation of this
method are the constant need for modification of
refuge dimensions according to the growth ratio,
especially during periods of quick changes in devel-
opment, as well as the fact that refuges hinder many
routine operations and can cause sanitary problems.
For these reasons many consider using refuges labo-
rious and inconvenient for culture.
Colour and shape of tanks
Light perception ability varies in fish due to morpho-
logical differences in eye anatomy (Kusmic and
Gualtieri 2000). Colour of inside walls and shape of
tanks should be adjusted for each fish species, in
regards to the spectrum of used light and water
turbidity as these factors influence visibility and, thus,
feed ingestion. This is of particular importance for
species that rely on sight in feed seeking (Sogard and
Olla 1994; Baras and Jobling 2002; U¨stu¨ndag˘ and Rad
2015). Depending on the fish species, light intensity or
developmental stage, the same tank colour may exert a
different impact (Tamazouzt et al. 2000). For
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example, for rainbow trout especially under low light
intensities, beige coloured tanks are more suitable for
rearing (U¨stu¨ndag˘ and Rad 2015). Imanpoor and
Abdollahi (2011) demonstrated that colour can have
large impact on feeding rate, hematocrit, final body
lipid content and all body colour parameters in
juvenile Caspian kutum (Rutilus kutum). Survival
was also influenced by the tank wall colour with light
grey showing the best result (17%). In beluga (Huso
huso), most of growth parameters suggested a positive
impact of rearing in black tanks (Banan et al. 2011). In
Eurasian perch, the greatest growth in weight and
length was observed in tanks with light grey and white
walls, which were strongly illuminated, while the
lowest growth was recorded in a tank with black walls
and 250 lx illumination (Tamazouzt et al. 2000).
Moreover, in Eurasian perch, light walls seems to
induce a strong contrast between brown-yellow food
particles and the tank walls and, consequently,
improve food perception as observed in some other
fish species, such as seabream Sparus auratus (Ou-
nais-Guschemann 1989) and walleye (Bristow and
Summerfelt 1994).
The shape and size of a tank influences the
movement of water, as it circulates differently in
tanks with a round, square or rectangular bottom
(Ro _zyn´ski and Zake˛s´ 2015). Depending on the shape
and size of a tank, fish will have different access to its
edges that may serve as refuges; smaller tanks have
more of them (Baras and Jobling 2002). On the other
hand, cannibals may more easily spot prey in a small
tank (Sogard and Olla 1994). Large tanks allow
establishment of more complex relations between
individuals. In addition, tanks may differ in depth, and
depending on the design the smaller the depth, the
faster fish may reach the water surface to ingest feed or
breathe in air. This is important in fish species that rely
on sight, as the time needed to select a potential prey
shortens as the prey swims closer to the water surface,
which reduces the chances for cannibalistic behaviour
(Baras and Jobling 2002). These factors influence the
movement of fish in tanks and indirectly the weight
gains and occurrence of cannibalism. In pike rearing,
the lowest incidence of cannibalistic behaviour was
found in tanks with a square bottom (Szczepkowski
2009) whereas for pikeperch, tanks with square
bottoms were more efficient for older stages and
larvae had better survival parameters in tanks with
round bottoms, although in this experiment the impact
of different lagoon depths cannot be excluded
(Kozłowski et al. 2009).
Degree of domestication
The impact of domestication on the physiology and
behaviour of fish is a new but widely discussed topic in
the scientific world. However, further research is
warranted. Only two fish species have been completely
domesticated: carp (Cyprinus carpio carpio) and gold-
fish (Carassius auratus auratus) (Balon 2004). Other
species still have reproductive cells acquired from wild
populations, which may influence both their health and
behaviour. With progressive domestication, susceptibil-
ity to stress decreases (Douxfils et al. 2011) and wild or
partially domesticated fish demonstrate a higher ten-
dency for aggressive behaviour than fish with a greater
degree of domestication (Hedenskog et al. 2002). On the
other hand, cannibalistic strains may arise during
domestication, because the characteristics deemed by
aquaculturists such as fast growth, may exacerbate
cannibalism through increased size heterogeneity (Hecht
and Pienaar 1993; Baras and Jobling 2002).
Health of stock and use of pharmaceuticals
The health condition of fish stocks is important
regarding the possibility of the occurrence of canni-
balism. Health problems and diseases can impair the
growth of ill individuals, and increase the potential for
cannibalism. In such cases, it is recommended to use
therapeutics. One can choose between antibiotics for
direct treatment or disinfectants as preventives. For
food safety, the use of antibiotics should be limited as
much as possible and they should not be overused.
Subagja et al. (1999) demonstrated that use of
disinfectants such as chloramine T and formalin in
Asian catfish can significantly increase the survival
rate and health status of fish stock.
Another approach to pharmaceutical treatment is
the use of sedatives to reduce the level of stress and,
thereby, cannibalism. However, this would only be
treating the symptoms and not the root cause of the
stress. Moreover, such an approach may be econom-
ically unjustified and may raise doubts as to the quality
and safety of animal origin food products, as it would
require determining the residue level standards
(Gomułka and Antychowicz 1999; Neiffer and Stam-
per 2009).
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Summary
Cannibalism represents a problem under intensive
commercial production of different fish species and is
impossible to manage without understanding the
factors impacting its occurrence and degree of sever-
ity. It is thus necessary to constantly expand the
knowledge of biology and natural habitats of reared
species and species which have been newly introduced
to aquaculture. This is becoming even more important
as aquaculture is continuously developing and an
increasing number of species are being adapted to
intensive rearing and breeding. The key is to include
consideration of the phenomenon of cannibalism in
selection and breeding programmes.
Each case of cannibalism should be considered in
the context of biology and specificity of a given
species. There is not a single, universal preventive
measure that would be equally effective in all species
and for all types of cannibalism. In addition, a
reduction in cannibalistic behaviour is not necessarily
correlated with the best outcomes in production and,
hence, the parameters should be carefully selected.
Furthermore, there may need to be decisions made
between fish survival and the final fish biomass.
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